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Learning Objectives

Apply concepts of separating interior and exterior environments to increase
enclosure functionality

Choose from various design approaches to create a high performance
Identify design parameters and situations that have been successfully
addressed in examples presented

Recommend to clients the advantages and techniques available in designing

high-performance enclosures

The Devil is in the Details

» Targets and codes have raised awareness
* People “know” you need

— Lots of insulation value

— No thermal bridges

— No air leaks

— A drainage plane leading to flashing
* But, how to this?

www.BuildingScience.com
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Basic Functions of the

Enclosure

* 1. Support

— Resist and transfer physical forces from inside and

out
Functional Layers

« 2. Control

— Control mass and energy flows -
° 3 FInISh \\ —suwoizr

— Interior and exterior || SR

Ny

surfaces for people

Distribution — a building function

Building Science

High Performance Enclosure Details

Basic Enclosure Functions

» Support

— Resist & transfer physical forces from inside and
out

* Lateral (wind, earthquake)

 Gravity (snow, dead, use)

* Rheological (shrink, swell)

Functional Layers

* Impact, wear, abrasion =~ - SUPPORT
CONTROL
+ Control (] S
— Control mass and energy flows
* Finish

— Interior and exterior surfaces for people

Building Science
Enclosures No.6/

Straube

Basic Enclosure Functions

» Support
— Resist & transfer physical forces from inside and out
» Control
— Control mass and energy flows
* Rain (and soil moisture)
— Drainage plane, capillary break, etc.
* Air
— Continuous air barrier
* Heat
— Continuous layer of insulation
* Vapor
— Balance of wetting/drying
* Finish
— Interior and exterior surfaces for people

Functional Layers

[T~ controL

Building Science.com
Enclosures No.7/

Other Control .

* Support

* Control
— Fire
* Penetration
« Propagation
— Sound
* Penetration
* Reflection
— Light
« Diffuse/glare S PnasH
* View

¢ Finish

Functional Layers

- SUPPORT

"~ CONTROL

Building Science.com
Enclosures No. 8/
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Basic Enclosure Functions

» Support

— Resist & transfer physical forces from inside and out

+ Control
— Control mass and energy flows

* Finish

— Interior & exterior surfaces for people

» Color, speculance
» Pattern, texture

Building Science.com

Functional Layers

- suPPORT
~— CONTROL

FINISH

History of

Control Functions

+ Older Buildings
— One layer does

everything

* Newer Building
— Separate layers,
. .. separate functions

Building Science.com

No. 10

Changes

- Masonry =
[y i1y
v ZZ -
Plaster Z2 I~
vila
= A [t
+ 2
i
vile
A [
% >
\,A\u\ N st | 5
Then Now

Building Science.com

Veneer

Wood
stud

Air space

Building
paper

Sheathing

Insulation

Drywall
Services

Februray 9, 2012

© buildingscience.com

The “Perfect Wall”

¢ Finish of whatever
— May need ventilated .

* Control continuity

is the key

— Water:
Drainage gap
+ drainage plane
— Air: Air barrier
— Heat: Insulation

— Vapor: vapor barrier
Finish

inish

Support

Water control layer

JA\N

Air control layer

A\

Thermal control

Vapor control layer

30f23
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What is a

High-performance enclosure?

= One which provides high levels of control

= Poor continuity limits performance

= Poor continuity causes most problems too:

— E.g. air leakage condensation
- Rain leakage

— Surface condensation

— Cold windows

« This presentation: continuity + high levels

Rain Control

+ [Rain shedding

= Drainage
* Must integrate with
flashing, drainholes Cladding
« Owerlap evervthing
« Noholes Control layers
Structure

wwaw BuldingScience com
Air Control
« Continuous Air Barrier —
Continumis
— SailT
~ Btrong :
Drable Cladding L
- Air Impermeable Control layers =
= Only very small holes
tolerable Structure = ¥

Heat Control

« Continuous Thermal Barrier

Even R0 is good

* Accept small penetrations

as long as no comfon “tladding
durability issues

+ Windows are a major Control layers

concem
- Heat loss/gain

Structure

- Saolur gain

© buildingscience.com
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Perfect Wall Perfect Wall
+ CMU backup « Steel Stud
Z Structure > b
Cladding > Cladding > ; !
Insulation > Insulation e e
Water-Air-Vapor Barrier = » Air-Vapor-Water Barrier =l | |
Structure @ Structure — | g
Finish ’7 »> Finish = 1 ‘ '

Building Science.com 7 Building Science.com 8

Brick veneer
Drained cavity

Exterior rigid insulation — extruded
polystyrene, expanded polystyrene,
isocyanurate, rock wool, fiberglass

Membrane or trowel-on or spray
applied drainage plane, air barrier
and vapor retarder

R

Non paper-faced exterior gypsum
sheathing, plywood or oriented strand
board (OSB)

Insulated wood stud cavity

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

NINNNINN|

Slab Roof

Building Science.com 20

- »

Vapor Profile

Straube © buildingscience.com 50f 23
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Building Science.com

21

Ballast

Filter fabric
Control layers

Roof structure

Februray 9, 2012

Building Science.com

22

Slab
Control layers

Stones
Earth

Building Science.com

23

Building Science.com

)

Wall

24

© buildingscience.com
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Roof Roof

O/
() (—)

Wall Wall
Slab
Building Science.com 25 Building Science.com 26
Parapet Parapet
[ 1 —1
: Roof : Roof
: Wall : Wall
Slab Footing Slab
Building Science.com 27 Building Science.com _j 28

© buildingscience.com
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Parapet

Roof

Wall

Fooh/ Slab

Building Science.com 29

Window

Enclosure Design:
Details

¢ Details demand the same
approach as the enclosure.

Details

* Need to trace continuity of
— Structure (connections)
— Water control
— Air Control
— Thermal control

* Scaled drawings required
at

Details needed at:

* Change in plane

» Change in material

* Change in trade

Building Science.com 31/175 www.BuildingScience.com

Straube © buildingscience.com 8 of 23
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Commercial:Early stage planning

Cladding (s) 44:__'

Air gap/tolerance

Thermal insulation

Control layers

Primary structure zone

Baseplates often critical, .
start with these after - Baseplate =
approximate column/ usually

beam sizing wider than

column at
11 ][ ][ 1E the critical

base plate

Straube © buildingscience.com 9of 23
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Requirements for a Drained Enclosure

1. "Rainscreen" cladding 7 H H

N
W

2. Drainage space

3. Drainage Plane

.
Structure / Backup wall

4. Flashing —_

5. Drain Opening
(llweepll)

Building Science 2008

37

\ Shingle lap is the
Requirements for a Ventilated Enclosure > | best, most reliable

T
=
Ventilation space — =3
%
] m
=
o
: 5
Vent Openings S
=
= =
= 2

Beware vertical

installation and

wrinkles!

i g s s

www.BuildingScie

Straube © buildingscience.com 10 of 23
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Flashing must be waterproof

Upturned leg

Base sloped
to exterior

Drip edge

Building Science 2008

Joseph Lstiburek — Rain Control 41

Straube

High Performance Enclosure Details

Windows

* Finding the air-water-thermal layer can be
challenging

» Usually, best air and water seal is inner
edge
— few chances for water leaks at corners

* Alu windows have thermal line at TB
— Line up with thermal control in wall

www.BuildingScience.com

© buildingscience.com

Februray 9, 2012
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Leaky windows

» Studs and sheathing are sensitive to leaks

Februray 9, 2012

Concrete Block
Structure

Building Science

Drainage Plane
(Sheathing Membrane)

Self-adhered
flashing

Sub Sill Flashing

Often use
membranes
for transitions sinesee

© buildingscience.com
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Stool and apron

Wood buck (OSB rimboard,
plywood, etc.)

2X wood blocking

Water, air and vapor control
layer

Sealant for air control layer continuity

|
|
|

Aluminum window

End dam (shown beyond)

Precast sill

Thermal control; extruded
or expanded polystyrene,
polyisocyanurate, rockwool

Brick veneer

Sealant (interior) air seal

Subsill flashing c/'w
end dams

Woed stool and apron

2X wood blocking

Wood buck (OSB rimboard,
plywood, etc.)

Spray-applied closed-cell
foam as water, air, thermal
and vapor controf layer

Weod window

Low-expansicn foam air
and thermal seal around

End dam (shown beyond)

Sealant (aesthetic)

Precast sill
*Picture frame" spray

foam around buck before
spraying wall

Brick veneer

© buildingscience.com
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=

- Foam all around is a
good thermal detail

- Be careful of
airtightness

Window Location

* Beware strap
anchor air
leakage

®
w3 C 8,.,=15,06 C
019 Wi(mK) v, =0.010 W/(mK)
21493 °C 8,.=1502°C
\ = 0.018 Wi(mK) ¥, = 0.017 Wi(mK)

Uy, engensn = 0,86 W/(m?K) Uy eingesae = 0,84 WI(m*K)

From: Np peuposa passi de

U, singetaut = 1,22 W/(m?K)

Outie Window Innie Window

Innie Window
(but within thermal line) (but within thermal line)

(inside of thermal line)

Straube © buildingscience.com 14 of 23
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* Beware air leakage at premade sill * Beware thermal
flashing

Low eopandng foam ar
L0 L TRRROE PRI

| bridge of metal
{ sill pans
of mrdlow | Preraufactines cen

Sachrg
Sotiord btwaen o | K & whin hutp-adhernd ax
SarTer VANGaSon memDaane —
DA trdees bon Mamioane.
ardd pro-raenidactred
con Masrang ¢

sirdow cpaning

5S40

phwood OEE
acmracn bax

[ Gy wrendcus snng

Srudue Y renan

* Face of foam
as air/water
layer

Straube © buildingscience.com 15 of 23
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flashing

Exterior rain
shedding sealant;
provide weeps

Synthetic stucco
rendering wrapped
around opening
creating sub-sill

Window

Interior air seal

Metal angle back-
dam receiving
synthetic stucco
sub-sill flashing

Liquid applied membrane
waterproofing

Flanged window -
2x6 wood buck

Trim closure

Concrete sill E >

—

Approx. 4"

(100 mm) overhang

Multi-wythe b

masenry wall

— Interior sealant bead
for air control
continuity

1'/2" (38 mm) rigid
insulation (min.)

Plywood spacer

1x2 backdam

- 2 - 4" (50-100 mm)

spray applied foam
insulation (closed-
cell, high density)

- Uninsulated steel

stud assembly

w#— Gypsum board

Continuous interior angle
provides backdam and

airseal continuity

|
Architectural Precast:
Punched Window

Water control membrane as -
drainage plane protected by
preformed metal flashing

Sealant on backer rod
as rainscreen with drain
holes @ 36 - 48" centers

Precast panel '

Air-impermeable spray
or board insulation with
joints sealed

T
2 Plywood blocking
A %

Metal angle backdam

Structural clip support
@ 247-36" o.c.

Steel stud wall

<+——— Gypsum board

Straube

© buildingscience.com
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Curtainwall Integration

Mechanically
clamped inner water
& air seal continuity

Drip-edge
rainscreen transition

W

Drainage Gap \ ..

2

»

Membrane air & /
water control
transition membrane

Finish

v g S o

Low profile ADA
compliant threshold

Set in sealant as —;
air seal

2" (13 mm)-
min.,

Liquid applied flashing

Plastic shims

Set in sealant as rain screen

Water repellent or penetrating
sealer

m ) S SIOpE 2% e—

'f2" (13 mm) dia. min. drilled hole as
drainage @ 36" (914 mm) o.c. leading
to crushed stone perimeter drain tile

— Thermal control layer

Roof-Wall

« Water control
— sometimes overhangs, sometimes continuous
 Air control

— Sometimes roof membrane, sometimes
ceiling plane

www.BuildingScience.com

Consider increasing dept|

trusses

Insulation wind balffle
2" minimum space

Water protection
membrane

< [‘ .
==

Continuous
soffit vent

Caulking or sealant

Exterior finish (stucco
shown)

Rigid insulation
(taped or sealed joints)

Unfaced cavity insulation,
cellulose or low density
spray-applied foam

of insulation by using deeper
trusses or oversized (longer)

Continuous ridge
ventilation

|| R60-75 economically availabie‘;‘
L EL LR L

| @ Roof insulation

-~ Gypsum board with vapor
< semi-permeable (latex) paint

f
i
] O Gypsum board with permeable
! |- - (latex) paint
\
-
|

© buildingscience.com
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~— Venting protective

spray foam
Water, air and vapor
control membrane;
preferably fully-adhered p

Peel-and-stick
transition membrane;
air and water control

Optional fiberglass /
batt insulation

Backer rod fills gap %ﬂ

Peel-and-stick
transition membrane;
air and water control

Water, air and vapor
control membrane;
preferably tully-adhered:

\

\

§$\

i

§

Drainage mat Slope to drain
min. 2%

-

Metal deck

Light gauge
(installed sligh
of I-beam)

| framing
roud

Open web steel joist

Deflection track allows space
for sheathing to move

Spray fibrous or foam insulation
(optional)

Residential R60+ Unvented Roof

Vent chute / cover
// _~ Thermal control
s / 7 layer
Spray foam high-R s /
heel and air seal e T s g e e
Gontnuty R
,' ‘.y'ﬁ ATATATRVATATATAY H \ f\/f Al
’ 48880 00000000000)
| 5
! &S >
/‘ L— Blown-in insulation
| Structure
| ———— Spray foam airtight layer Air control |a
yer, vapor
OSB/p!ywood | Cladding - control layer and draining
sheathing | Gypsum board water control layer
. i
aDiIrat;zamg':rp‘ane and i 26 frame wall Thermal control Air control layer, vapor
! layer control layer and water
2oas s 2 i control layer
Rigid IncLtation : Cavity fill insulation
Exterior finish (stucco —-: |- Structure
shown) |
Parapet flashing .
Fully-adhered water Roofing
control membrane \
: - Lapped peel & stick membrane as drainage plane —\ \\
0SB sheaming N N N
¢ \ 3
A o R R Bt et N N
Fiberglass batt or ‘Erél‘llu‘a(:g polystyrene L

Lapped peel & stick membrane as air barrier
OSB sheathing

Netted and blown cellulose insulation (R-32)

1x3 strapping

\
N Gypsum board

\» — Cardboard baffle

Aluminum trim details 7/

www.BuildingScience.com

Straube

© buildingscience.com
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* Contin

Basement Wall-Slab

uity of air-thermal barrier a

challenge at slab

* Contin

uity at floor slab also!

Februray 9, 2012

Closec-cell high
densty insulation
provides continuity
of air and thermal

8" concrete

Granular fill

" gypsum board celling

2 XPS rigid insulation (R-10)
installed as continuous layer

246 waill with unfaced fiborglass
insulation (R-19)

5" QypSUM board with latex
PaINt &5 vapor retarcer

2" XPS rigid insulation (R-10)

Insulation as drainage plane

if lapped properly; as an air
barrier if joints sealed (taped
or caulked)

Polymer modified (PM) or ——»
standard Portland cement
stucco with water repelient
finish or elastomeric coating

Masonry wall (split-faced —— 7r
concrete block, tilt-up and
solid precast concrete

NN

Rigid insulation—expanded
polystyrene, extruded

or spray polyurethane
+—— Uninsulated steel stud

re—— Gypsum board finish and
fire control

f«— Latex paint or other
permeable or vapor semi-

similar) permeable interior finish
Concrete block starts \ / Sealant to provide air
below top of interior barrier continuity
concrete slab / Concrete
slab
Woop sreed [
leep scre e ;

Concrete grade beam ‘\

polystyrene, polyisocyanurate,

i

]
2%

i

A

S
%

=
K]

By
4

L
. P

y

Granular fil > /
2" XPS rigid insulation (R-10)

~— Gypsum board as fire control
layer; paint as interior finish

© buildingscience.com

19 of 23



Better Buildings by Design

Straube

High Performance Enclosure Details

Can maximize

continuity a floor
Closed-cell high

density speay foam

insulation provides:

continuity of air and

Fiashing

0 concrete —.
foundation wall

Profection
board 10 6" —

Note: A ConinuoUs &r-vapor conlrol leyee
(e, heavy poly) can be used bakow the
slab (never below the neuiatian) and
sealed 10 the wal for slightly Inproved
partormance). insulating under and
around the 1608 1 Seaskie and may

b worth doirg i very coxd cimates.

Ar conarol shoukd be mace continuous
oy $6alng tha wil 1o 16 slab

Annoying thermal
bridge at footing

2°XPS nigd insufation (R-10) /

Grarar Al

Februray 9, 2012

walls

Second layer of z-bars
should be installed
perpendicular to the first
layer; orientation of the two
layers will depend on the
requirements of the
i ment

Metal panel

First layer of z-bars embedded
in the insulation layer; should the
first layer be installed horizontally,
the exterior leg should be tured
down to promote drainage to the
exterior.

Steel studs
Sheathing

Fully-adhered air and
water control layer

Continuous insulation
layer

Cold

formed
hat section

clip angle

© buildingscience.com
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Fiberglass Thermal Spacer Wall
with 3.5” of Mineral Wool (R-4.2/in)

R-15.8 f%-°F-hr/Btu

90.1 minimum

2°Fhr/Btu for s

“The Bad”

Intermediate supports

“The Good”

P 5

As per structural © T~
e.9. 36" 10 48" (900 ~
to 1200 mm) o.c.

\ O\ Weld

\ \— Cast-in plate
‘— Concrete slab

Fully-adhered air and water
barrier, lapped at joints
Continuous thermal insulation
(XPS, EPS, PIC, ccSPF,
semi-rigid MF1); nominal
1" drainage gap

Insulation retention washer
(depending on insulation
type)

Vent and drain
openings @ 24" o.c.

Stainless steel ——
projecting drip flashing

Shelf angle supported on
stand-offs attached to
cast-in plates

Vent openings

Use backer rod to fill
deflection joint and debond
water and air barrier

Furring

Gypsum
board finish

© buildingscience.com
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Small metal clips
dramatically reduce

High Performance Enclosure Details

. ‘j =021
AE //Z’Jf‘ he05

|80 il
| s ina] 215 z&lﬁu —

Februray 9, 2012

Baicsny sizd eonnection wilh Schick Isokoed” type KSO-CV30 200 8

Solid knife edge of tube

10 ca

(eg.

sign.

iy structural loads
shelf angle, canopy,
balcony)

" thick steel
o allow membranes to lap

Tl raming Sy
proud of structure

Straube

© buildingscience.com
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Straube

Commercial Buildings: Often exterior air barrier is only practical/so

T N

Building Science.com

© buildingscience.com
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